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A pupil's experiences between the ages of .l 1 and 16 probably shape his 
ultimate view of science and of the natural woi;ld During these years 
(most youngsters become more adept at thinking conceptually. Since 
concepts are at the heart of>cience. this is the age at which most stu- 
dents first gain the ability to study science in a really organized way. 
Here, too, the commitment for or against science as an interest or a 

vocation is often made. , 

Paradoxically, the students at this critical age have been the ones 
least-affected by the reCent effort to produce new science instructional 
materials. Despite a' number of commendable efforts to improve the 
situation, the middle years stand today as a coftiparatively weak link in 
science education between the rapidly changing elementary cumculum 
and the recently revitalized high school science courses. This volume 
and its accompitfiying materials represent one attempt to provide a 
sound Jipp*^^ch to instruction for this relatively uncharted level. 
X^J^Toutset the organizers of the ISCS Project decided thatjt, 
VWOuS be shortsighted and unwise to try to fill the gap in middle 
school science education by simply writing another textbook. We chose 
instead to challenge some of the most firmly established concepts 
about how to teaph and just what science material can anf should b^ 
taught to adolescents. The ISCS staff have tended to mistrust what 
authorities believe about schools, teachers, children, and teaching until 
we have had the chance to test these assunpptioins in actual classrobms 
. with real children. As conflicts have arisen, our policy has been to^rely 
more upon what we saw happening iri the schools than u^pn what 
authorities said could or would happen. It is largely because bf this 
policy that thCvISCS materials represent a substantial departure from 

the norm. * ^ 

The primary xjiffercncc betwefcn the ISCS program and more con- 
ventional approaches is the fact that it allows each student to travel 



at his own pace, and it permits the scope and sequence of instruction 
to vary with his interests, abilities, and background. The ISCS writers 
have systematically tried to give the student more of a role in deciding 
what he should study next and how soon he should study it. When the 
materials are used as intended, the ISCS teacher serves more as a 
"task easer" than a "task masti^" It is his job to help the student 
answer the questions that arise from his own study rather than to try 
to anticipate and package what the student needs to know. 
' There is nothing radically new in the ISCS approach to instruction. 
Oufstanding teachers from Socrates to Mark Hopkins have stressed the 
need to personalize education' ISCS has tried to do something more J 
than pay lip service to this goal. ISCS' mljor contribution has been to 
design a system whereby an average teacher, operating under normal 
constraints, in an ordinary classroom with ortjinary children, can^ in- 
deed give maximum attention to each student's progress. 

The development of the ISCS material has been a group effort from 
the outset. It begaij in 1962, when outstanding educators met to dccidc- 
what might^ be done to improve middle-grade science teaching. The 
recommendations of these conferences were converted into a tentative 
plan for a set of instructional materials by a small, group of Florida - 
State University faculty members. Small-scale writing sessions oon-> 
ducted on the Florida State campus dufing 1964 and 1965 resulted in 
pilot curriculum materials that were tested in selectefl Florida schools 
during the 1965-66 school year. All this preliminary work was sup- 
ported by funds generously provided by The Florida State University. 

In June of 1966, financial support was provided by the United States 
Office of Education, and the preliminary effort was formalized into 
the ISCS Project. Later, the National Science Foundation made sev- 
eral additional grants in support of the JSCS effort. 

- TheSrst draft of these materials was produced in 1968, during a 
summer wfiting .conference.^ The. conferees were scientists, science 
educators, and junior high school teachers drawn from all Over the 
United States. The original materials have been revised three tim^s 

' prior to their publication in this volume, More than 150 wi;iters have 
contributed' to the materials, and_^][nore than 180,000 children, in 46 
states, have been involved in their^ficld testing. >, 
We sincerely hope, that the teachers and students^^who will use this 

^ material will find that the gr^at amount of time, money, ancj effc^i ; 
that has gone into its development has been worthwhile. 

Tallahassee, Florida The Directors ■ 

February 1972 \ iNTER^*E|MAp science cuwiicuLUM sry^^ 
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Notes to the Student 



^This^ R©cor4 Book 4^ -wtwre- yo« - si^mW ^wf i4e youf^ afwwe«^^ 
Try to fill in^the answer to each question as you come to it. 
If the lines are not long enough for your answers^ us? the mar- 
gin, too. 

Fill in the blank tables with the data from your experiments. 
And use the grids to plot your graphs. Naturally, the answers 
depend on what has come before in the particulaf chapter or 
excursion. CRT^ur reading in the textbdok and use thh book 
only for writing down your answers. 



Notes to the Teacher 



In almost every instance, answers are of a quantitative nature 
and are based on measurements the students themselves make. 
In these cases, othfcr answers may also be accepted. 
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□ 1-1 j^JPepends on rocket pcribr mancc ; B: Depe nds onjxKk^^^^ Chapter 1 

" Up, Up, and 

performance. . ■ ^ — — 

Away 

□ 1-2. Jl!iEiI^EPi^]lJ15^i^! - - — — 

□i-3._B^^^Jli^!^^^^^^^^ 

•inu^ingjgu^ad]^ 

— — . . 

□ 1-4 Dep ends on jocket p er formance. ^ ^ 

□ 1-5 De pends on ro cket j?erfbrm^^ ^ . 

□ l-« J[]^gEir^!j[iJ2jL'"P^^^ ^ performance. • 



PROBLEM BREAK 1-1 



Procedure: 



V 
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Expected results: ^ 



Data: 



Conclusions: 



J Descriptions will vary. Increasing the amount of water>creascs 
perf ormance up to a certain point (75 ml), and then it decreases beyond 

that point. • — — — — '-^ '—^ — 

j-j^_3 Descriptions will vary, increasing the amou nt of air increases 
the height reached. Best performance is attained with, maximum air 

: ■ (20 strokes). \ 

^' r-i^ e Idea.^ will vary/Students m ay correctly say that air under pres- 

LJi-»'-r -r — —-^ ■ — T— r~; =^ 

sure forces the water out and this gives^ an equal force on the rocket 



in the opposite direction. Or they may say that the 



air and water push 



2 



on the" air behind the rocket, making the rocket go up. 



□2-1. 



No 



□2«._Y?5 : 

□2-3' ^Oppos ite directi on ^ 



□2-6 The upw ardjorce inside the rocket^ 



□2-4 _OJ^niewtoMA 

.□2-«.-YSl^._^._--_--.-~-: i 



: — ' -'I 

Increase the air pressure; increas e^ onhg nozz!g:(jng^ 



Chapter 2 

What a 
Reaction! 



water ^onte put faster). 

□2i.-±!2 

□2-9. - — 



PROBLEM BREAK 2-1 



'■•'^1. 



□2-1 0. It moved up. 



□2-11.. 



It is too stiff (the forcie is too small to bejid it). 



□2 12 came out faster. 



□ 2-1 3. More came out. 
- □2-14. None 
A Q215 4 m"Kvaries) 
, gr ift ^ ml (varies) 
□2-17._22y^i£l— 
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Prcx:cdure: 



> i 

Data: 



2-18. Students are asked to . □2-18. Figure 2-6 

sketch the graph. Don't ex- ' 
pect precision work. The 

curve shown here is fairly ^ ' 




m 




llflOBLEM BREAK 2-3 



P2-21 It wa s less (8 to lOV 



r-i« 99 An incre^seinpressuix^^^ 

decreased the flow^andjherefo^ 



r 



About 0.36 newtoh 



• Answer? will vary— probably about 75 ml. 



P,-^ Answers will varyr-probably about 1.1 newtons. 
^ Am^ There must be an unbalanced upward fotcc. 



Chapter 3 
, How Much 
Is Needed? 



^ Answer^ will vary— probably 3 to 4 newtons. 
gj-4j It is greater (3 Umes as great). 



r-,* . No There must be an unbal anced upward force on the rocket. 

— — . - - • ' ■ — : — "• ■■ . ^ ^ ■ 

' Otherwise it would just hover. • — _ — — 

No As the wateV exhaust s from the nozzle, the total mass 

dccK^mcs until only the mass of, the emp ty rock<;t remains. ^ 

\|r^ The speed decreased. 




track A indicates no change in spee d. Track B indicates ah 
increase iiv Speed. Track C indicates a decrease in speed. 

17 



' ^ % 




Tmb^ 3-1. Di8t«noe» In Xhm 
table will vtry. depending on 
hov^i hard the cart it puthed. 
the klcjion of the wheelt, and 
the nature of the surface. 
Figures given here are exam- 
ples only. 



Table 3-1 



Interval 


I a 1 m 1 v 

Traveled 
(in cm) 


1st ^ 


12 0 * 


2nd 


11.5 


3rcl 

_: X 


MO 


1 

4th 


10:6 


5ih 


lOtl 


6th 




7th 


9-3 - / 



^- (a) Speed mu^ be incrc asinR; (b) speed must be decreasing; 
LJ3'^'' — ■ — — ■ •, - 

(c) ,spee<i must b^ constant. \ L 

□^-1? Gain speed. ;. 
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Table 3-2. Vigures given here 
in the four distance columns 
are only for a guide. Student • 
figures may differ widely Uqx^ 
these. Note that the students 
were instructed to choose a 
section of the run >^here the 
forcn was malntnlned con- 
stant. Therefore, the 1st In- 
terval may have any dimen- 
sion. The important thing Is 
for the difference between 
intervals to be dependeHit on 
mass. * 



1 k ■ 

Table 3-2 


Distance (in cm)- 


- u ■ , 


Time 
interval 


i 1 

Total mass: , 
2.0 kg 


J 

Total mass: 
1.5 kg , 


.vtotal, mass: 
1.0 jg 


Total mass: 
0.5 kg 


1st « 


2.0 
* 


2.0 


" 4.0 


4.0 


2nd 


2.3 


, 2.4 


4.5 


4.9 


3ril . 


2.6 


2.7 


5.0 


5.9 


4th 


:3.o 


3.1 


5.6 


6.8 


5th 


. 3.2 


3.5 ■ 


6.1 


8.0 


6 th 


■ • 3.5 ■ ' ■ 


4.0 




9.0 




Yes 



n3.i3._.. 



A.. 



□3r1« woyl^j^oiiumiejojpee^^ 
□3-17. jrheJoirej)l[^ 



Trial No. 


JFor^c 
(in newtons) 


T 

Distance 
(in. meters) 


1 

1 


' 2 




— ■ 

2 






.3 


%^ ? ' 

6 


■ 3 , 




iT^lL : 


4 

--^^'^ 


5 ' , 


10 


5 



dhaptei^* , 
All Systems 
Are Go 



Table 4-1. Distence figures 
er« given as a guide only. 
Student figures will differ. And 
wi|i be somewhat dependent 
on tatMe height, 



V:- 



Yes 



N 



□4-1. 

□4.2 It woujd go far thct^ and farther. 
□4-3;. "f^^ '^""^ • * ^ 



Yes 



The times are the same. 



□4-4:: 
□4-5. 

□44^ 
04.7! 

□4-a. 

1^ Horizontal an^ vertical 



No 



□4-10. 



•Mo 
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PROBLEM BREAK 4-1 



r-]4ti It wo uld orbif> h^ earth (stay the same height alc ove the earth's 



surface). 



Tabit 4-2. Figures for orbit 
Ing speed are rounded out to 
two ilgnlfJcent ffgures. 



□4-12._Slowcr^ 



Table 4-2 



Height of SatcUiti 
(in km) 


Fraction of Speed 
Earth ^ 


■ - — ' — ^ 

'^'Orbitinc Soeed of 
Satellite (in m/sec) 


jj) (at surface)* 


1.00 


8;ooo . 


i60 


0.99 


^ ■ 7,900 


1,000 


. 0.92 


, 7,400 


2,000 


0.86 ' 


t 

. 6,900 


{ ' 

' 3,000 


0.82 


6,600 


4,000 


0.78 


6,200 


5,000 


0.74 


5,9b0 
\ • - 


6,000 


•0.71' 


5,700* 


7,000 




5,400 


I 

8,000 


0.66 


I 5,300 


9,000 




.1 5,100 


10,000 


0.63 ' 


5,dlX) , " 


38^000 


0.13 

— \ — 


1,000 

•- — ' r r— — 



■ 7 



•Consider this the same as 4.9<in above the surface. 




□4-13. Figure 4-9 
10.000 



9.000 




10 



20 



30 



40 50 60 70 80 
Weight (In newtons) 9 



90 



100 



Fl^r# 4 9' Berauso thtt <1jh 
tance figure^ in Table 4-3 
were rouWed oH, they are 
not absolutely\accurate This 
inoan^ ttiat thoU will bo slujht 
discropaeicies Im the graph 
and in questions 4-U. 4-15. 
.4-16, which are dependent ou 
the graph 



V 



□4-14. 



About 2.6(X) km 



) 



/ 




□4.i5._Mioim_ 



□4-16. 



12.871 km (actuallv 12,742 km) 



Ihc thrust must be greater tha;i the weight. 



The thrust at ground level is less than the thrust at higher 
altitudes. - 

: ~ 

□J.itt rhe for.ce of^air drag or friction ■ 

□ 4-20. The force of gravity or weight 

17,856 mi/hf 



365 j d.\vs year; 12 morHlis: 8.766 houTs) 



□4-23. 5,000 seconds 



[J4.9A It wouM^increase th e \3eriod (make it longer). 



□4-25. 



It must be slowed down. 



[-jj_^ft ^lt must be speeded up. 

□4-27. .. 



r 



□4-28, 



Friction and heat. 



j-j^_29 The temperatur^^<!)f the surroundingsincreases. 
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Chapter 5 
Creating 
Craters 



□5-1. 



No 



□jt-?- Meteorites^ volcanic activity 



Cracking of the moon's surface 




■ ■ ' - 



4 cm 



□ 5.8._X^5 

3 cm 



V 



, 

formed by thej tee|Mlj(3jo^ — P 

□ 5-11._LS51_. ~ ' - 

P5.^2 jnicjcratc^^ 

frMTncdb^jl^ ^ — 

□5-13.. 



60 meters 



looks different from the^ shadow fromjh^^ 



,1 — ^ r \ ^ ' . , > . 

ni Whea the light sVines s trai yhl down on tetelUn djthccraier, 



lost. 



„ It softensthcrii^^ 

It also partly fills the crater. — ^' ■ 

5ff-lf It would soften th ^feati^^ 

of various formations. — — — — — — 



d5-19. 



It would knock material into the crater 




11 
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□ 5-20. _Ycs . L, — 

Am Yes The Older rim is knockedjaMNJiJ)i_^^ 
LJ 6-21 . — — " 

Ymin^eMTin^^ 

n^eyouii gcr rim is more complete tharjjh^ olcller^on£:_„ 



Problem BrMk S-t- Only a 
rough sk«tch was called for 
in the text Therefore you 
probably should notVxpect 
an accurate drawing Stu- 
dents Should tje able to iden- 
tify hills and craters and show 
the relative crater age In at 
least one group. 



PROBLEM BREAI^ S-1 





12 



|-j 5.22. From the crater; below the surface . _ 

^3 Material from below the surface ma y be lighter in color than J 
the surface material. : — . . 



□S-24. Yes 
□5-25.-Y£L 



^ The paper is lighter where the obje cts covered it, and darker 
where the light rays hit it. ' ; ' . ' — _ — — 




r^^ The crater IkkI a ra.scd riniJ1c.>orJ;owcr ^lia^ 
^% 

. the diameter ofjh^e crajej;^ 



D5-28._J^ 



□ 5-29. 



It is less (( ^ ^"^^JUllSllL 
I . 



□ 5-30 Th c rej^)jm j;e^^^^ 



r-ii. No There is no air on the pK^on^ml^^ 
LJ 5-J 1 — — — — 

found there_SoJhejU^^ 

r— -T ■ 

i m£actJj3ij£jojT|ej)^^ " 



( 



□ 6-1 . JiL^'-lllHii. 



□6-3. Thick 



□ 6-4 jnhejn]^^ 

than in others. ^— — : — 



It looks similar. 



□e-5. 

□^Mt Somewhat 

□6.7.JlLS^n£Ii^li-I?l--- 
□6-8.JiiiJH£!}H: 



-7^ 



Chapter 6 
Peaks and 
Flows 



13 



□ 6-9 ' ^ * ^' ll^oii Uic surronndiny area :niJ l^n J_!l^^iin!:j 



□ 6-10 I Ik- hcmonitc sv^:^ Ms^ iii^^ . 

^lIl^Li]lJL*lLilH^^^ ' — — 

□ 6-1 1 Because there i sjio^aUjm 

PROBLEM BREAK 6-1 

• ■ 

1. /\penninc Mountains; The mountains could have been formed by 
a huge meteor when it formed the Sea of Rains. ^ 

2. Stadius: It is completely flooded with the mare material, so it formed 
before the mare. 

3. Wallace: It isn't flooded as much as Stadius. and its rim is sharper. 

4. Sea of Rains: The lava flowed into the entire area after the mountains 
were formed. 

5. Seethihg Bay: If the lava flowed from the Sea of Rains, it reached 
the bay later. 

6. Eratosthenes: It must have formed after the sea ixnd the mountains, 
because it cuts into them. 

7. Copernicus: Its rays cross all the other features in the phOto. 



Chapter 7 QT-i Rouph surfacc^^aj^rs an^dj^^ dust: plare from the sunj^ark 

A Day oil sur face; finding a level spot , , lU. 

the Moon The suit vC^ ul dn^ weigh as much t^n t h ejriooj}^ 

. DT-a. All of it ^ . 

□ 7-4. Half of it , ■ . 

[— j 7_5_ Dark (new ea rth) J i . . . "2 



□ 7-6. Full moon 

□ 7-7._!jiii£ 



36 




None 



1^ 

f 



□7-10. The l ight is retlected from the eart h. 

□7-11. JM 

□7-12. JM - 1 



□7.13._2nSl 



□7-14. .^^^ earih days of 24 hours each 
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f { 

















■..in -/^ 
















\ ■ 






I 













It changes s hape or motion or bot h. 



□2 



It falls (changes motion) becaus ^J!jti\u nbalanced force (gravity). 

_ — . . ■ ' ' « 



Excursion 2-1 
Newtons of 
Force 



r-,^ It increases (because of a n unbalanced force). 
LJ3-— ■ — — ~ 

It stops, then rebounds. 



j-j J It must be greater. 



□6.- 
□7.. 
□».- 

4 



It decreases (because of an unbalanced force). 



0.25 newton 



1 newton 



□lo- 
an 



□ 12.. 



10 times 



Use a thinner blade. 



Turn the force measurer over and zero the scale. 



□13. 



No 
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Excursion 3-1 
The Big Push 



Heat. elcciricaJ^icMiiic;i]^21!i'5^^^^^^^ 
n2 Partic les 



az. ; ~ : 

b 5. J'e nients: Li (lithiu m), R^ jniu^ 

oe.X^i^: . — — — — 

n? jrhcj^j> »t a force on the walls. ^ 



Excursion 3-2 
One Stage 
at a Time 



• ^4 



It nioves^dc k and forth. 
□2 jjljh e opposite direction 

About 8 

j-ji^ About 8 

ns.J^ ' 

□A Long gyring 

QT Long swing 



r-i» Yes. The cart moved fas ter and farther. 

\_Jo., — — 

□».A?nL . ^ 



□ 10. 



1 cm 



The distance with t he ^-k ^ mass was 5 tim cs_as much as with 



each s wing of th e nuiss^ 

m.. It continued in the same direction thaiMtjva^ gom 

LJ 1 3 _ ____ V. 

string was c u<Un s'tead of go 'njjbacl^and _ 

jM vin change fron^ zcroJg^^nVsc^ 



□1- 
□2.. 
□3.- 
□4. 



20 seconds 



2 seconds 



20 seconds 



i seconds 



□5 Th ey are the same. 
14 seconds 



' DT.. 
'□8. 



1.4 seconds 



It is shorter (1.4 to 2). 



Length of the pendulum 



Excursion 4-1 
Time to Fall 



\ 



A straight line , : 



Excursion 4-2 
The Falling 



□ 3.. 
□4.. 



60 times 



3,600 



□ 5. 



3,600 times faster 



Excursion 4-3 pi. 24 hours 



Orbiting 36,000 km 
^yircorn 3 km/scc 



It is slower (3 km/sec to 7,9 km/sec). 



□ 5.. 



86 min 



6. Fuel niust be used to boost the satellite to 36^000 km. This is 

almost 7)carth radii from the cent er of the earth, and gravitational 

..... ) %^ 
attraction is only of what it was on the surface. Then it must be 

slowed down and inserted in orbit.. To send it to the moon only rg- 

cjuires giving it escape velocity and letting it coast the rest of the way > 



Excursioni 4<4 mi o:c (or beiow) 



Losing Heat no . 

22 pa went into the melting oPthc ice. 



n 1 (Answc r yaric s with stiiden l.) 



[^^^ (Ans wer varies w ith student, but it should be ^ of # I), 

□ 3. With no air resistance and gravity only \ as much as on the earth, 
any particles that are g\\cn horizo ntal moti^ will not be slo wed down 
or be pulled as rapidly to the surface. (That's why Alan Shcphard hit 
a gol f ball so far on the moon.) - 



Excursion 5-1 
Less Force 



\ 

□ 1 . Because the other side f^l^ eve c lacing toward the earth 

Q 2. It is younger than so me, older than others. 

Q 3. It might be volcanic material brought up fr om the in terior. 

□4. It suggests that the dark floor was formed relatively recently, 

QS. It is relatively old. 



Excursion 7-1 
An Excursion 
to the 
Far Side 



How Well Am I Doing? 



You probably wonder what you arc expected to learn in this science 
course. You would like to know how well you arc doing. This section 
of the book will help you find out. It contains a Self-Evaluation for 
each chapter. If you can answer all the questions, you're doing very 
well. 

The Self-Evaluations arc for your benefit. Your teacher will not use 
the rtsiilts to give you a grades, Instead, you will grade -yourself, since 
you arc able to check your own answers a$ you go along. 

Here's how to use the Self- Evaluations. When you finish a chapter, 
take the Splf-Evaluation for that chapter. After answering the questions, 
turn to the Answer Key that is at the end of this section. The Answer 
Key will tell you whether your answers were right or wrong. 

Some qiiestions can be answered in more than one way. Your answers 
to these questions may not quite agree with those in the Answer Key. 
If you miss a ijuestioh, review the material upon which it was base4 
before going on to the next chapter. Page references arc frequently 
.included in the Answer Key to help you review. 

On the nexf to last page of this booklet, there is a grid, which you 
can use to keep a record of your own progress. 




5. 



Notes for the Teacher 



4 



6| 



The following sets of questions have been designed for self- 
evaluation by your students. The intent of the self-evaluation 
c^uestions is to inform the student of his progress. The answers 
are provided for the students to give them positive reinforce- 
ment. For this reason it is important that each student be 
allowed to answer these questions without feeling the pressures 
normally associated withJesting. We ask thai you do not grade 
the student on any of the chapter self-evaluation questions or 
in ^ny way make him feel that this is a comparative device. 

The student should answer the questions for each chapter as 
soon as he finishes the chapter, After answering the questions, 
he should check his answers immediately by referring to the 
appropriate set of answers in the back of his Student Record 
Book. 

There are some questions that require planning or assistance 
from the classroom teacher or aide. Instructions for these are 
listed in color on the pages that follow. You should check this 
list carefully, noting any item that may require your presence 
preparation. Only items which require sonle planning or 
assistance are listed, v . 

You should check qccasionally to $ee if your studerlts are 
completing the progreis 'chart on page 53. 
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If you did any excursions for this chapter, write their numbers here. 



SELF-EVALUATION 1 



□ 1-1. If you were interested in comparing the performance of two 
water rockets, which of the following would :be the best factor to 
measure in making the comparison? Check the best answer. 

a/'^The weight of the rockets 

b. The length of the rockets 

c. The height reached by the rockets 

d. The ^ngle at which the rockets are launched 

□ 1-2. Two students observe a rocket launched from the positions 
shown in the diagram below. 




25m 



T 



25m 




When the rocket is launched, will both students record the same height 
for the rocket? Explain your answer. 



□1-3. Use the table below to answer the questions that follow. 



Height C^mvcrtcr for Obsencr al 25 Meters 



Angle 


0° 


5" 


10° 




20° 


25" 


30° 


35° 


40*' 


Height 


0 m \ 


2.2 m 


4.4 111 


6.9 m 


9.1 m 


n.7 m 


14.4 m 


17.5 m 


21.0 m 


Angle 


45° 


50° 


55° 


60° 


65° 


70° 


75.° 


80° 


85' 


Height 


25.0 m ~ 


29.8 tn 


35.7 ni 


43.3 m 


53 6 "m 


"68.7 m 


93.3 m 


141.8 m 


285.8 m 



■^1 



a. If an observer 25 m from the launch site mca[sured an angle of 
60° for the height of a rocket, how hi^h did the rocket go? 



b. Two observers were 23 m fr^m the launch site of a rocket. One 
observer measured a/ angle pf 40° for the height of the rocket, 
and the other olwerVer measured an angle of 35°. What height 
should be reported for the rocket? 



c. Why doesn't the table include a height measurement for an angle 
of 90"? 



« ■ 



d. Ask your teacher's permission to go outside. Take your quadrant 
and a mcterstick outside and measure the height of the school 
building in degrees! Use the Height Converter Table to change 
your measurement to meters. 



□1-4. Each member of your team measured the height reached by the 
model rocket. Then you averaged the heights measured by all the team 
members. What advantage is there, if any, in averaging several meas- 
urcm^rrt^ instead of using a single measurement? 



□1-5. m. 



What variables intluenced how high your water rocket went? 



b. Which of the rockets shown in the chart below will reach the 
greatest height when launched? 




8 ttrokes 




B 



8 strokes 




OstrokM 




6 strokes 



A 



8 Strokes 



Wfter 
level 



Atmost 
full 



':} 



¥t full 



Almost 
full 



No water 



□1^. Design an experiment to determine if using liquids other than 
water would affect the performance of your rocket. Outline your proce- 
dure hfcrc. 



If you did any excursions for this chapter, write their numbers here. SELF-EVALUATION 2 



□2-1- Using an arrow, indicate on the diagram below the direction 
that the balloon would move if the clamp were released. 




Clamp 



□2-2- Check the correct answer. If you increase the mass of matter 
rushing out through a rocket nozzle each second, the thrust of the rocket 
will 

a. decrease. - ^ 

b, increase. 

_^c, stay the same. 

□2-3. Check the correct answer. If you decrease the speed of the master 
rushing out thrdugh a rocket nozzle, the thrust of the rocket will 

a. decrease. 

b. increase. , 

€• stay the same. 



□2-4, Use the graph below to answer the following questions. 



40- 



30. 



20^ 



10- 



5 



10 



15 



Mass of Water/ 10 sec (in grains) 



■ ■ . ■ 

a. When 10 gram^ of water rush from the jet in 10 seconds, what 
is the force in newtons on the jet? . 



i 





Ik How many gram^ of water would have tQ rush from the jet in 
, 10 $t!Conds to prfrfjucc a force of 30 neWtons on the jet? 



c Predict what the force on the jet will be when 25 grams of water 
rush from the jet in 10 seconds. 



□2-5. A water rocket was launched straight up from a submarine on 
the bottom of the ocean. An identical water rocket was launched straight 
up oil land. Which of the rockets prodaced the greater upward thrust 
during the first second after launch? Explain your answer. 



If you did any excursions for this chapter, write their numbers here. SELF-EVALUATION 3 



□3-1. The weight of an unfueled spacecraft is 28,500,000 newtons. The 
weight of its fuel and oxygen is 21,000,000 newtons. What, is the total 
weight that must be lilted by the thrust of the rocket engines? 




□3-2. A rocket is resting on its launch pad; If the upward thrust of 
its engines were equal lo the downward force on the rocket, would the 
rocket rise off the launch pad? Explain your answer. 



• /I ... . •.• . 



31 



40 



'.pi 



,1 



1 




r 



4 




□ 3-3. Use the diagram and information below to answer the questions 
that follow. The drop patterns shown below were obtained from an 
expcrimcnl with a water-clcKk carl. The arrows indicate the dircfction 
in which the cart was moving. 



A • • 



C • 



> 



# # # # # # # 



Which pallern indicates an increasing speed for the cart? 



b. Which pattern indicates a decreasing speed for the cart? 



fa 

li 

■ 
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c. Which pattern indicates a constant speed for the cart? 



d. What is the average distance in millimeters between the drops in 
pattern C? 



Which pattern indicates that the cart is being pushed or pulled 
by a constant unbalanced force acting in the same direction as 
the cart is tra^'cling? 



□3-4. If an unbalanced force, in the dire;ction of mption, is^ continu- 
ously applied to a rocket in spaJj^hat happens to the «pecd 
of the rocket? r 



□3-5. Use the diagram and information on the next page to answer, 
the questions that follow. The drop patterns were obtained from an 
experiment with a water-drop cart. The arrows indicate the direcUon 
in which the cart was moving. 



4i 






m 



A 9m • • • • 
• •• • • • 



•.'The sludent who performed the experiment exerted the same 
. unbalanced force of 0.2 ncwton dUrin^ each run. However, he did 
change the mass of\he cart between runs. He forgot to write down 
which mass was which. During which run was the mass larger? 



b. Explain your answer to part a. 



41- 



If you did any excursions for this chapter, circle or write their numbers 
here. . 



-0 



□4-1. Four bjalls of different masses arc equally distant from the earth. 
Balls A and B ar^allowed to fall freely to the earth. Balls C and D 
arc projected sideways with equal speeds. The path of each ball is 
^!d|i^6wn bc;low. ■ 



1 kg 

Q 



0.5 kg 



0.5 kg 



SELF-EVALUATION 4 



\ 



Qiound 
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42 



m 



If all the balls were released or projected at the same time, which 
ball($) would hit the ground first? 



b. Explain yoMur answer. 



c. Which ball(s) would travel farther 



\ 



d. Explain your answer. 



□4-2. The graph below sho>vs the change in air frictional drag on a 
rocket as its altitude increases. 




0 



1 

16 



Altitude (in km) 



r 

32 



a. Why does the air frictional drag increase so rapidly during the 
first 16 km? k . 



b. The drag force on the rockelj-eaches a maximum at a point calif d 
max-Q. Which point (1, 2,^r 3) on the graph is mix-Q? 




c At which point (I, 2, or 3) is the speed of the rocket greatest? 



d. Why docs the drag force decrease so rapidly after the first 16 km? 



□4-3. Many of the satellites that have been put into orbit recently have 
been for the purpose of sending back pictures of the earth's surface. 
Most of these, satellites have been put in orbits about W km above 
the earth's surface. .Since the pictures would be sharper and show more 
detail if they were taken from a lower orbit, why don't they put these 
satellites in orbits about 40 km above the surface? 



What is meant by the period of a satellite? 



Use the information on page 36 to answer questions 4-5 through 4-7. 
Assume that there is a planet called Hercules in pur solar system. 
Hercules is siiiiilar to the planet Earth except Hercules has a^**^*"^ 
of 2,000 km while. Earth's radius is 6,400 km. The following data have 
been obtained about Hercules. ^ 



/ 



\ 
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mi 

If 



m 

i 

m 



!^ , -4 



^ 



Oistancc Worn the CciUci 
of Hercules in 
Hercules radii (r) 


Wcsipht oi Object 
I hat l-xci ts a 20()-N 

1- / \ !'/'«• <i t rl '\t't* /ill 1 

I OiCC <ll oUl 1 «tv.C i^/ 


1 
1 




/ 


SO 






4 


17 A 


5 


o 
o 


f. 
\f 


5 6 / 


7 


4 




3.2 


9 


2.4 


* — 


1 



□4-5. Using the data above and the grid on page 37, plot a graph of 
' the weight of the object as a function of its distance from the center 
of Hercules ali measured in Hercules jadii. 

□ 4-6. At what distance from the center of Hercules does an object's 
weight become ] of its weight at the surface? 



□ 4-7. An object that is located at 5 radii has what fr action of the weight 
of the same object on the surface of Hercules. 



i 

i5 




i 

it 

i 
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□ 4-8. Two satellites of equal mass arc orbiting the earth The radius 
of the orbit of satellite A is twice that of satellite B. 

a. Is the period t>f satellite A less than, greater than, or equal to the 
period of satellite B? 



b. Is the gravitational pull of the earth on satellite A less than, greater 
than, or equal to the gravitational pull of the earth on satellite 
B? 



V 



□ 4-9, The diagram below shows the path of a rocket that was launched 
and point L and injected into orbit at point I. 




Was the speed of thf rocket wheh it was injected into orbit less than, 
equal to, slightly greater than, or much greater tharf the speed necessary 
to put the satellite into a circular orbit around the earth? 



□4-10. At the surface of Hetrcules, an' object falls 1.6 m in the first 
second after its launch. For every 2.5 km of distance, Hercules curves 
^ downward 1.6 m at the surface. Use this information and the diagram 

on the next page to answer the questions that follow. ' . . 



47 



n ■■' -v 




J 



•bov* surface 



Path of 

object 




What would he the orbiting speed for an object on Hercules? 



b. At a height of 10,000 km above Hercules, would the orbiting speed 
be faster than, the same as, or slower than the speed at a 4ieight 
of 1.6 m? J 



If you did any excursions for this chapter, write their numbers here. SELF-EVALU^ION 5 



□5-1. Most professional photographers prefer to take pictures in the^. 
early morning or in the late afternoon. On the basis of your experiences 
while studying this chapter, explain why they prefer these times. 



5-2. What two variables affect the amount of energy that a moving 
Sbject has? 



□ 5-3. Use the diagram below, whi^h shows Jwo cratcr^s formed in sand 
by falhng objects, to answer the questions that follow. 



■A 




T V 




B 



a. Suppose the craters were formed by two steel balls that had the 
same mass. Which crater was formed by the ball that had fallen 
farther? 



V 
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. b. Suppose the two craters were formed by dropping balls of differcnl 
masses from the same height Which crater was the one that would 
have been formed by the heavier ball? 



[U5-4. On the moon photo below, lab&l the hills with a snM\ h and 
the cralerS wjth a small c. 




19 
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□ 5-5. Use the picture below to answer the questions that follow. 



-4:^..^ . •■ • ■ -"^^ -r "'^^j^ • ^-''^n.x'^*ny^-'- ^•^'^J^^'Zr- -»-^V'>k>---"^ 



Which crater is older'? 



b. Explain your answer. 



□5^J. What are two characteqstics of impact craters that would help 
you distinguish them from other types of craters? 



P5-7. What is a possible cause of the rays on the surface of the moon? 





50 



fM 



s mi 



to* 
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SELF-EVALUATION 6 If you did any excursions for -this chapter, write their rtumbers here. 



□e-1. Vst the diagram below, which shows a cross-sectional view 
through two impact craters, to answer the questions that follow. 





a. Whibh crater was formed by the impact of an object that cause4 
b<)th the surface and the object to become moltftn when it hit? 



b. Explain ypur answer. 



□6-2. What things would you look for in a pictute of a crater if you 
were asked to determine whether the crater was a cindcr-conc 
' crater formed by a volcano or whether it was an impact crater? 



i ■ \ 
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□•-3. Use the photoglyph to answer the question that follows. 

. ■ ■ ' ■ ■ 5i ■■■■ . ■■..■■v 



The photograph shows a ridge of rock oh the surface of the moon. 
What/is a possible cause of this bulge in the surface? f 



■ V 

A- 
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If you did any excursions for this chapter, write their numbers here. 



SELF-EVALUATION 7 



□7-1. Use the diagram below, which shows the jwsitiM^of the earth, 
moon, and sun, to answer the questions that follow. 



Moon 

" 1^ 




Sun 



O 

( o 



\ 



Earth 



/ 
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Check the picture below that best represents what the moon would look 
like to an observer on the earth. (The shaded pari of the diagrams is 
the dark part of the moon that the observer would not sec clearly.) 



B. 






□7-2. On the diagram of the moon shown below; draw an arrow to 
point to the tenfiinator. . \ 




-mi 



□7-3. Why doesn't a person on the earth ever sec the far side of the 
moon? . S 




Self-Evaluation Answer Key 
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SILMIVALUATIPN ^ 

1-1.- c The height reach«fd by the rockets. Remember that these «rc water re«kets and you want 
to compare their performance. 

1-2 No They won't measure the same height because student A is holding his quadrant higher 
Uimn student B's. Since A and B are the same distance from the launch site but A*s quadrant 
b higher, he will most likely measure a smaller angle. When A consults the Height Converter 
TaWc he wUI then record a snfaller height. If the student who is launchmg the rocket sends tt , 
off so that the flight is not straight up. iro one can predict ahy of the angles. If you aren't sure 
about this, you should take a look at text pages 6 and 7 again. 

1-S. a. You should have found the height to be 43:3 m, Take another lyok at the table if you 

had problems. ^ . , u u • k- 

bL nie calculated height should be about 19.25 m. which is the average of the two heights 
of 21 0 m and 17.5 m found by the two observers. If you stop to think about how you measured 
the angles, :you might agree that it would be pretty reasonable to round off the answ.r to 

19.3 m or even 19 m. ■ u • 1 

a Ai long as the rocket went straight, it is unlikely that you would ever get a sightmg angle 
of 90* unless you were standing right at the launching site. The rocket never gets high enough 
10 live you the effect thM it is directly overhead when you stand 25 m away from the launching 
■ sit*. 

d. Compare your answer with the answers that other students got. If youi" answer seems 
to be different from theirs, review text pages 7 and 8 and check your answer with your teacher. 
1^. The average of the height found by two or more obser^rs generiUy gives a more reliable 
meuurement than that obtained by a single observer. You'are assuming, of course, that all the 
obKTVers ai« equally reliable and have equally good eyesight. If all the observers are equally 
umeUable and have equally bad eyesight, thiif technique is known as a poolmg of ignorance. 

HJi. •. your answer should have included the amount of water you poured into the rocket and 
the amount of air that you pumped in. You may also have included other variables, such as the 
ugle at which the rocket was launched. If you did not include the ftnt t^o vanables mentioned, 
you ihould take another look at Problem Break 'I- 1. ^ 

b, Rb<;ket B is the pne you should have chosen. If you picked the wrong one. you should 
take another look at your dau from l>roblem Break l-l. Perhaps you might even warn to try 
the Vwiotvi. combinations pictured! to' make 
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Your cxpcrinicnlal design should have specified that you w<^uld use at least one liquid olhcr 
than water. You should have included the idea (hat you keep all the variables ix>n5tant except 
one. For example, you might vary the liquid that the rocket contains While keeping the number 
of $tu)ke$ on the air pump, the launching angle, etc., constant This idea oCchanging only one 
thing at a time is perhaps the most important thing to keep in mind when doing any experiment. 
Here's something to think about: Since ihe .same volume of two different liquids may have different 
weights, should you keep the weight, or the volume, constant or does it matter? - 



SftF-eVALUATION t 

2-1. As the air rushes out of the balloon in one direction, the balloon moves in the oppoaile 
direction. If you have never tried this,- you may want to try it out at home. Maybe you can even 
__comc up wiih m cxpUnaiio^ 
the rocket docs. Do Imil fint help? 
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2-2. b. increase. Take, another look at Problem Break 2-2 if you missed this one. You might even 
want to try to devise an experiment that uses a. liquid other than water to sec what happeni 
when you keep the rate of flow constant but change the mass of the liquid that emerges from 
the jet each second. 

2-3. a. decrease. Think about whj^t* would happen if the water emerged slower and slower (torn 
your water rocket. How much thnist would there be if the water stopped emerging? Take another 
look at Problem Break 2-2 if you are still having difficulty. 

2-4. a. The force should be about 8 ncwtons. If you were off by a small amount, don't worry 
about^t. However, if your answer was smaller than 6 newtons or greater than 10 newtpnt, you 
had better take another look at the graph. '4' ' - 

. !>. To get a force of 30 newtons, ;you need a water flow of about 18 gramt/lO »ec. 
C. You should have, predicted a force of around 50 newtons. This process of extending the 
curve to predict whi^t wiU happen is called "extrapolaUon:" it is useful but it can get you into 
trouble. Fol^ ixtmple, <fupppsc we tried to increase the water flow to 2} grams/lOsec and fotmd 
that the pressure broke the plastic nozzle. Our 4)rcdictiOn of 50 newtons woulfT be all wrong. 

2-5. The water rt)cket that is launched or^ land wili have a much greater thrust. Vour, work on 
Problenv:Bieak 2-3 should have iihbwn you that as you ihcreasc the pressure ouuide the noctle, 
the thrust diccrcascs. The pressure outside reduces the amount of mass cjected/10 sec and the 

. spee4 at which.it is ^ected: At the bottoVn of the ocean the pressure outside tlje ^rocket would 
be so great that it would be unlikely for any water to be ejected from the rocketjat iiU; If you 

^ had difficulty with this quesUon, read ofer, Problem Break 2-3 again and check your 4aU. 



SELF-EVALUATION ^ 



>t^ket*s thrust must be enough to lift both thb spaciscraft and the fuel it contains. 
0 newtons plus 21,000,000 newtons cqiials the Wl weight of 49,506,000'newt6n$. Read 



3-1. 

2d,5ob,dooi 

over text pages 23 and 24 again if you had a dilferent |^w^. 



3-2. No. The rock c I would noi liH oi\ unless ihcrc was an upward unbalanced forc^ actuig on 
it. If ihc thrust of the engines just equaled the weight of the rtKket. the torces would be balanced, 
and ihc fOcket would not move Yhe thing to remember is that unless an unbalanced force acts 
on an object, it moves with a constant speed (which might be a. »]>eed of zero) \n a straight line, 
ffyou had problems with this, do Activities 3-1 to 3-3 again and read over page 26. 

3-3- a. Pattern C shows an increasing speed. The drops are getting farther and farther apart. 

Pattern B indicates a decreasmg speed. As the car! travels along, the drops are getting 
closer an4 closer together. ' 

C Pattern A indicates that the cflrt is traveling at a constant speed. The cart is traveling 
the same distance between each drop 

d. The avciS^ce distance between drops is 18 mm. This is the •average of measurements of 
5, II, 15,-21, 25, ami 3l mrti. If vour measurements do not agree, make sure that you measured 
from the center of one dot to the center of the next dot. 

ft Pattern C indicates a cart that is being pushed or pulled by a constant unbalanced force. 
If you chose pattern B, you were almost nght. lii pattern B there i,s a constant unbalanced force. 
but this time it is acting in the opposite direction of the motion of the cart. If you had difficulty 
with these questions, you should take another look at your data from Activities 3-4 to 3-9. You 
might read over pages 27 to 30 in the text as well. 

3^. As long as there is an unbalanced force acting in the same direction the rocket is traveling, 
the speed of the rocket will increase. 

3- 5. a. The mass was larger for run A. If you look at the dot patterns for the two runs, you 
can see that the dots are closer together in nm A. which 'means that the speed is not incrcasmg 
as nf|rtdly. * 

ll. Your explanation should include the idea that since the speed of the cart is not increasing 
as rapidly during run A iis during run B, even though the same force is acting, the mass must 
be Urger during run A. Try Activity 3-10 again if your aaswer did not include the ideas suggested 
abQV<f. 

SEtF-EVALUATtON 4 

4- '1, a All the balls will hit the ground at the same tune. 

b. Your answer should indicate that the time of fall is determined only by the vertical distance 
fronythe ground and noi by the mass of the object or its horizontal speed. Try Activities 4-1 
to 4-7 again if you had difficulty with this question. / 

C Balls C and D will travel farthest. 

d. Since C and D have a horizontal speed when they start to faU, the path they travel is 
longer than the paths of A and B Remember they travel farther but it takes them the same amount 
of time because their speed is faster. 

4-2, •* During the first 16 km the rocket is picking up speed quite rapidly and since the air friction 
depends on the speed, the air frictional drag increases quite rapidly. Read over page 44 in the 
text for a more complete explanation. . 

b. Point 2 is max-Q. At point 2 the drag reaches it? peak, and this means this must be the 
point of max-Q. 

. C The rocket is traveling most rapidly at point 3. Remember that a large rocket's speed 
increases steadily as it climbs through the atmosphere. 

d. As you get higher and higher jn the atmosphere, the air gets thinner and thinner. This 
means that there arcjfewer air partif:les to rub againsi the rocket surface to province air friction. 

4-3. You may have had to think about this question a httle. It sounds like a nice idea, doesn't 
it? The problem of course is that the air friction at ^K) km would be too large and the satellite 
would slow down and return to the earth's surface. 

4-4. The period of a satelhte is the amoiint of timc reqhired for a satellite to make one complete 
orbit For satellites in parking orbit, the period is abodt 88 minutes. You might take another look 
. at page 48 if you didn't remember the answer to this question. 

4-5, The graph is shown on the next page 




4-«. When All object is a! 2 radii, jts wc »j»ht is j that o( a smillai ohjcct on the surface of Heixiilc s 
You should have been looking (or the distance where the object s weight was 2(X) N x (j) =^ 
5<)N. Read over page 47 again if y<^u nusscd \\us qucMion 

4-7- Al 5 radii its weight will be ^ of what it would be at the surface. Take a look at your graph. 
The object weighs 200 N at the surface. Out at 5 radii the same object has a weight of 8 N. 
Thus weight is or ^, as large as it would be at the surface. 

4-t. m. The period of satellite A is greater than the period of satellite B. If you had .difficulty 
with this question, take another look at pages 48 and 49 

The gravitational pull on satellite A is less than the pull on satellite B lake another look 
'tt the graph you drew for question 4-5 if you had problems answenng this question. 

4-9. Shghdy greater than. Take a second look at the |x^ssible paths of a satellite shown on text 
pages 3<) and 51 if you missed this one. 

4-10, ». The orbiting speed al the surface would be 2,5 km/scc. This is similar to the cakulation 
shown on text pages 41 and 42. 

h. The orbiting speed would be slower. Renieiuhcr that the farther it is above the surface, 
the slower the satellite has to travel. 



SCLFtCVALUATION 5 

5-1. They prefer these liines because the longer shadows cast by the sAp in the early morning 
or late afternoon reveal more detail and texture irj surfaces than the short shadows cast around 
noon. Ifyou take photos, this is something to keep in mmd and try out. If you missed this question, 
you should try Activities 5-7 and 5-8 again, 

5-2. You shouTd have indicated that the mass and the speed afTect the energy of a moving object. 

5-3. a. Crater B was formed by the steel ball that had fallen farther. Try Activity 5-6 again Jf 
you had problems answering this questioii, 

b. Crater B was formed by the heavier mass. You should review your data for Activity 5-5 
if you had difficulty answering this question. 

5-4. The diagram below shows the relative positions of the hills and craters. 
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5-5. A. You slionld liiivc idciuificci cuucr B as bcjiig !hc older craicr. 

b. You sljould hiivc noiucd tralcr A seems to c»ii into oatci B »t tlic nearest point 
aiui thai ciater B contiinis dehns that was tluown o\it of crater A whrn it was lomicd Also, 
tlie edges of crater A are sliaiTwrr than those of crater B. 

5-6. Your answer may have uicliided such characteristics as a howl sir.iped crater with its floor 
a hltlc helow the level of the surrounding laud, a ro»ind shape with a i aised rim, and ejecta scattered . 
(>n the s\irround!!»g landsca[>c. 

5- 7, Your answer should include the idea that the falling object ejected some of the lighter materiil 
from below the surface of the moon and splashed it across tlie daikci material of the suffice. 
You may have also mentioned that the Mirface may have been darkened by radiation from the 
sun Review Activities b-W through 3 13 m yoni text if you had dimculty with this question. 

SELF-EVALUATtON 6 

6- 1. A. Crater B was formed by an object that caused both the surface and the object to become 
molten when it hit. 

b. Your answer should have included the idea that the central pciik of crater B was formed 
by an inflow q{ material during the later part of the impact. Review pages 79 through 81 in the 
text if you arc unsure of your answer. 

6- 2. You should have looked for such things as a bowl-shapcd (nnpact) or cone-shaped (Volcanic) 
crater, the floor of the crater below level at the surrounding ground (impact) or above the !cvd 
of the surroundings (volcanic), and evidence of a lava flow (volcanic) or widely scattered cjccU 
(impact), 

5-3. One possible cause might be an underground flow of magma tiiat would have lifted the 
surface rock. A large flow might have caused a large enough bulge to produce a mountain rmgc. 
Review text pages 85 through 87. 

S^F-EVALUATfON 7 

7- 1, You would see the moon as in diagram B. If you had difticulty visualizing the situation, 
you may want to set up your model of the earth-moon-sun system, as you did for Activity 70 
and see what it looks like. 

7-2. The diagram below shows the position of the terminator. 

Terminator 




Check over text page 95 if you forgot what the terminator was. 

7-3. Your answer should have included the idea that the moon rotates on its axis in the same 
amount of time that it takes to make one revolution around the earth. As a resuh the same side 
of the moon always faces the earth and we can never see the far side. See text page 97, 
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My Progress 



Keep track of your progress in the course; by plotting the percent 
COITCCI for each Self Evaluation as you complete it 



Pcrcc'ht correct = 



Number correct \^ |qq 



Number of questibns 



To find how you are doing, draw lines connecting these points. After 
you've tested yourself on all chapters, you may want to draw a best-fit 
line. But in the meantime, unless you always get the same percent 
correct, your graph will look like a series of mountain peaks. 
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